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ABSTRACT 


This thesis experimentally tests the effect of 
resiliently mounted, independent masses on the propagation 
of flexural waves ina rectangular beam. The flexural 
waves are attenuated over a wide frequency band, and the 
magnitude and band of the attenuation is determined by the 
attached mass per unit length and the spring constant and 
resistance per unit length of the mounting material. The 
experimental results are compared with analytical 
predictions for the flexural wave attenuation. The 
results confirm the analytical model used and that the 
attached mass system acts as a dynamic absorber. 


Thesis Supervisor: Professor Ira Dyer, Ph.D. 
Professor of Ocean Engineering 





ACKNOWLEDGEMENTS 


I wish to thank and recognize those who have helped 
me along the way and made this thesis possible. First, I 
would like to thank Professor Ira Dyer for his time, effort 
and patience. His ideas and physical intuition were 
invaluable. І would also like to thank Professor Kim 
Vandiver for the loan of his spectral analyzer. 

I also want to thank Kodali Rao and Greg Chisholm 
for their assistance. Greg was especially helpful in providing 
me with access to the Vibrations Laboratory and the lab 
equipment. 

I want to recognize Anna Markowitz for her cheerful 
assistance in preparing this thesis. She was very patient 
with me even though I sometimes made the work difficult. 

Бен ИП ле to thank my wife, Linda, and children, 
Lee, Kristin and Jill, for their personal sacrifices they were 
forced to make on my behalf. Certainly without their love and 


patience, this thesis would not have been possible. 


Sincerely, 


۰۰۰۰ 6 ۶ ۵ 





TABLE OF CONTENTS 


Title Page 


Abstract 


Acknowledgements 


Table of Contents 


List of Figures 


Glossary of Symbols 


ШІ. INTRODUCTION 

2. ANALYTICAL MODEL 

о. EXPERIMENTAL WORK 
3.1 DEVISING AN EXPERIMENT 
3.2 EXPERIMENTAL SET UP 
3.3 EXPERIMENTAL PROCEDURE 

4. RESULTS 

5. CONCLUSIONS 

Appendices 

References 


12 
23 
23 
26 
32 
52 


64 


66 


nes 











ww 


нова 


iia a 


(ANA 067 
= We maria ФЕ’, 
num: near Li 


ETIUCER 
Eu. 


FIGURE 


3a 


Бр 


10 


11 


П 


13 


14 


5 


16 
1 


9 9ٰ 


TITLE 


Beam with attached mass-spring-damper 
ОЕ АИ ОЕП 


Coordinates and parameters for beam-mass 
system. 


Typical attenuation curve for beam-mass system 
predicted by analytic model. 8 «0.35, Е =0.46 


Symmetric Dynamic Absorber 


Main mass vibration amplitude versus normalized 
frequency for various values of loss factor. 


Experimental beam-mass set up. 

Block diagram of lab equipment. 

Measured response of free-free bean. 

White noise input to beam from shaker. 
Response of the driven beam with ends free. 
Response of the 28 beam with both ends 
in sand 


Typical treated beam input and output data. 


Example of saturated insertion loss curve 
(Schematic). 


Effect of saturation on attenuation curve 
(Schematic). 


Apparatus for experimentally determining 
R апа k. 


Typical amplitude versus frequency response used 
for determining R' and k. 


Experimentally determined R' for closed cell foam. 


Experimentaliy determined k for closed cell foam. 


Effect of R' variation with frequency on 
attenuation curve. 


PAGE 


20 


20 


27 


22 


E 


38 


39 


40 


41 


42 


13 


14 


15 


16 


F 


48 
39 


a0 





FIGURE 


18 


ЕЭ 


20 


21 


22 


2:3 


24 


25 


26 


27 


28 


2 ھ۶٤‎ 


7050500۶6۶۲6085 


(continued) 


TITLE 


Effect of k variation with frequency on 


attenuation curve. 


Attenuation versus normalized 
B=0.35,R'=0.50 


Attenuation versus normalized 
в- 03 е!-0.47 


Attenuation versus normalized 
B2 0.69 R'z0.47 


Attenuation versus normalized 
82 0.87,R'20.46 


Attenuation versus normalized 
ов -0.46 


Attenuation versus normalized 
= 26 n'=0.45 


Attenuation versus normalized 
ЕШ = 0.45 


Attenuation versus normalized 
в! 0.45 


звао па тоя versus normalized 


8170.51, 8250.35, R 


| 2 


Attenuation versus normalized 


8171.75, 52 


I 2 


Experimental attenuation data. 


=0.47, в!= 


О ек درم‎ 


frequency. 


frequency. 


frequency. 


frequency. 


frequency. 


frequency. 


frequency. 


frequency. 


frequency. 
no 50 


frequency. 
0.47 


PAGE 


S 


54 


56 


27 


58 


ЭЭ 


60 


61 


62 


63 


- 184 


юч 


тьттегу ізі Өтеп 


ne rin ы» 


па О е 42 и 
же 


| ца 

гут (ветранае 

: бе б aa کر‎ "4 — 
қ і и peo — 


























191%. аа جو‎ 


mir? A 


— 





GLOSSARY OF SYMBOLS 


Cross sectional area of beam 

Attenuation for a distance Do 

Young's Modulus 

Exciting force magnitude 

Cross sectional moment of inertia of beam 
Propagation constant 

Propagation constant of untreated beam 
Imaginary part of the propagation constant 
Normalized propagation constant, К/К. 
Main Mass 

Resistance per unit length 


Loss factor 


Frequency 

Gravitational acceleration 
Spring constant per unit length 
Length 


Mass per unit length added to beam, 
dynamic absorber mass 


Time 
Longitudinal dimension of beam 


Displacement of beam, displacement of main mass 
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(continued) 


Mode shape factor 


Ratio of added mass per unit length to beam 
mass per unit length 


Wave length in untreated beam 

Displacement of added mass 

Mass per unit volume 

Radian frequency 

Natural frequency of added mass-spring system 


Normalized radian frequency, a / ن‎ 





1. INTRODUCTION 


This thesis deals with the attenuation of flexural 
waves in a rectangular beam loaded with many independent 
masses mounted on it with a resilient material. The 
fundamental difference between this thesis and other known 
works is that attenuation or damping is achieved by many 
individual spring-mass-damper systems distributed along 
the beam. This is in contrast to the usual constrained 
layer or free-surface layer damping treatments which are 
commonly used in structural vibration damping. 

The motivation for this thesis is the need to better 
understand and be able to predict vibration levels in ship 
and submarine hulls which contain resiliently mounted 
equipment. For example, it is known that as flexural 
waves propagate along a submarine hull, more attenuation 
takes place than can be accounted for with current models 
such as submerged shells without internal equipment. One 
possible explanation is that the resiliently mounted 
equipment inside the hull contribute to the wave 
attenuation, yielding the higher than expected results. 

To date, the primary reason for using resilient 
mountings is to isolate the internal equipment from the 
hull thereby reducing the transmission of unwanted 


vibration to the hull. Now it appears that a secondary 





effect may be that of an unintentional 'dynamic absorber”. 
The intent of this thesis is to experimentally test in a 
preliminary fashion the effect of resiliently mounted 
equipment on the propagation of flexural waves along the 
bull. 

The hull of a ship or submarine, while at first 
glance a regular pattern of plates and frames, is actually 
a highly inhomogeneous system. This leads to some very 
complex modelling which would quickly overshadow the 
problem to be evaluated here. So, it is desirable to 
study a system which possesses both the important features 
of the real structure and yet be simple enough to treat 
experimentally. То this end, this thesis, intended as a 
preliminary study of the problem, models the hull and its 
internally mounted equipment as a uniform beam with a 
simple distribution of resiliently attached masses. 
Furthermore, the dimensions of the attached masses used 
was small enough to make the distribution continuous. 

This is a natural starting point as ship structures are 
frequently modelled as some type of beam system. 

First the analytical solution of the problem was 
addressed by the thesis supervisor and students working 
with him. Using elementary beam theory and assumptions 
about the distribution and behavior of the attached 
masses, an analytical model was derived. Then, this model 


is used to predict the attenuation for given mass 
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distributions and resilient materials. А summary of the 
derivation is given in this thesis. 

Next, an experiment was devised and carried out by 
the author to verify the analytical results. This 
experiment is the principal focus of this thesis. It 
consisted of a uniform beam on which an approximately 
continuous mass distribution was resiliently mounted. А 
white noise flexural wave input was used at one end of the 
beam. Then the difference in vibration levels between the 
"input end" and "output end" of the beam was measured. 

The difference in vibration levels or attenuation was then 
compared with that predicted by the analytical model. The 


agreement between the two results are quite good. 


TI 





2. ANALYTICAL MODEL 


For the purpose of this investigation, a uniform beam 
with an attached uniform distribution of 
spring-mass-damper systems is used as the model (see 
Figure 1). The beam is assumed to vibrate in flexure 
(bending) only with the attached masses vibrating in the 
same plane of motion as the beam. Note that Figure 1] 
shows the attached masses on both sides of the beam. This 
symmetry is required so that no longitudinal waves are 
created during vibration through asymmetric coupling 
effects. Figure 2 shows the coordinates and parameters 
used in this derivation. 

If the attached masses are not present, elementary 


beam theory yields the familiar result 


E: 2 
20 — + рА NS = 0 (1) 
Ox ot 


as the governing equation for the free, flexural vibration 


. بے‎ та + . 
of a uniform beam. Assume an e time dependence and a 


solution of the form et Kx and then recall that the 


general solution for equation (1) becomes 


y=C, sin(Kx)+C.,cos(Kx)+C,sinh(Kx)+C,cosh (Kx) (2) 


with the е i9t time dependence omitted. Also recall that 


ша 





the propagation constant 


а. в), (3) 
ЕІ 

For this case, K is purely real and по attenuation 
takes place as the flexural waves propagate along the 
beam. However, if the attached mass systems are included 
in the derivation, K will turn out to have an imaginery 
part and the flexural wave will be attenuated as it 
propagates along the beam. 

Again, referring to Figure 2, the double-sided 
configuration shown is used in the derivation? to simplify 
the algebra, but the results are valid for comparison with 
practical single-sided configurations, at least 
approximately.  Ignoring any rotation of the attached mass 
and using elementary beam theory, two simultaneous 
differential equations governing the free vibration of the 
System are obtained. 


These equations are: 


4 2j 


9 y 9 y зу ап 
plur - + ВЕ - $—) + kly-n) = 0 (4) 


— 


for the beam and 





в пееш - 5 + k(n-y) = O (5) 
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for the attached masses. 


Again, assuming E time dependence, equations (4) 


and (5) become 


ЕРІ — - a - ioR(y-n) + К(у-п) = 0 (6) 


апа 


E кп = Q. (7) 


Now solving equation (7) for (y-n) leads to 


Gm = y о) ( 8 ) 


All that remains is to substitute equation (8) into 


equation (6) and assume a solution of the form 7 as 


before. This yields the new propagation constant 


З 
№ 
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So now by defining an "untreated" beam propagation 


constant as 
2 
) (10) 


End substituting Ко into equation (9), the "treated" beam 
propagation constant becomes 
4 


4 m 
r. К. Б; — 


Ee y. (11) 


om + iwR-k 

Equation (11) is the heart of the problem. Since the 
propagation constant can now have an imaginary part 
(whether or not R=0), attenuation will occur as the 
flexural waves propagate along the beam. 

All that remains to be done is to find the magnitude 
of the attenuation, which requires taking the imaginary 
part of the fourth root of equation (11). This was done 
by Mr. Kodali Rao*. He devised a computer program that 
would generate the magnitude of the real and imaginary 
parts of equation (11) given the input parameters of the 
beam-mass system. 


Rao's equation for the non-dimensional propagation 


uH: N mMeeastengsneering Stuav, M.I.T., working 
were cessor ira Dyer. 
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constant is 


2 1 2 2 
ГВ +(— (l-w' wen ШЕ? s 2-2 J+iw' BR' ˆ 
ہ0۰‎ ‚2 2 (12) 
۰ ж 
Е в' 7 B Да ) Gon) 
ма 
0) 
where 
а K Т _® ї за СЕ ca کے ٭‎ M ° 
K = x ‚ Y = — Ы = mm, and у тз үр д? I Here u is 


defined as the natural frequency of the attached 
mass-spring system. 

Note that in non-dimensional form, the only system 
parameters needed are the normalized frequency w', the 
loss factor of the resilient material, R', and the mass 
ratio of the attached mass to the beam mass, P. 

The output of Rao's program is of the form (кук) 
which, for the purpose of this thesis, has been converted 


to an attenuation, Ao, 


for the distance of is measured in 

dB, where Хо is the wavelength of the flexural wave in the 
untreated beam. This is accomplished by recognizing that 

the attenuation arises from ao. Attenuation in dB is 


then 
(8.686)Kix. (13) 


Attenuation in the distance M then becomes 
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Figure 3 is a typical attenuation curve predicted by 
this model. In the figure, 820.50, and R's0.46. The 
mass-spring-damper distribution assumed produces 
attenuation over a frequency band with the maximum 
attenuation near w=. (In Figure 3, ао dB at 
ој 21.1). It can be shown that the attenuation attained 
increases with 8 and (1/R'). Also, the width of the 
attenuation band increases with R'. 

This behavior is recognized as that of a dynamic 
absorber. To show this, the derivation for a dynamic 
absorber is included here>. Figure 3A shows a symmetric 


dynamic absorber. The coordinates used are the same as in 


Figure 2. The equations of motion for this system are: 
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where Ве is the amplitude of the exciting force. 


lot solve 


As before, assume a solution of the form e. 
equation (17) for (y-n) and substitute back into equation 


(16). The result of this is 


17 Гг + 1wR-k 
S Е ш m lU) | (18) 


2 2-۰ DIN 
О -ш М(ш m+tiwR-k) -w m(iwR-k) 


Equation (18) can be written in the form A+iB so that the 


magnitude of the ratio IE) is (д2+в2)1/2. The algebra 
yields 
ша 
- Оа = й 
27 | T De تر‎ (19) 
“о [w ОСЕ | қ 


Now, nondimensionalizing equation (19), 


NO 
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ЩЕ 
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ШЕШЕТІН (20) is very similar to equation (12) for 
the beam system. Reduction of the main mass vibration 
amplitude is a function of the mass ratio and loss factor 
as before. The behavior of equation (20) is shown in 


Figure 3B. 
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When there is no resistance, R'=0 and the main mass 
vibration amplitude goes to zero at (ш/ш_)=1. The main 
mass stands still because the attached mass-spring 
vibration produces an infinite force opposing the exciting 
force. As w moves away from o. , the main mass vibration 
amplitude increases with (о/а). The result is a very 
narrow attenuation band about We. 

If resistance is introduced, R'#40 and the main mass 
vibration amplitude is no longer zero at (0/0 )=1, but 
some small value dependent upon R' and the mass ratio. 

The main mass vibration is reduced because the attached 
mass-spring-damper vibration produces a finite force which 
opposes the exciting force and limits the main mass 
motion. The presence of resistance also causes the 
attenuation band to widen. Therefore, resistance in the 
dynamic absorber results in a wider attenuation band, but 
a reduced peak attenuation. Both effects are shown in 
Figure 3B. 

The beam-mass system used in this thesis is an 
application of a two-dimensional dynamic absorber. The 
attached mass-spring-damper systems vibrate locally to 
produce a force opposing the force created by the flexural 
Waves moving along the beam. Thus, the vibrating attached 
masses reduce the vibratory motion of the beam, producing 


an attenuation band around © =). 
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3. EXPERIMENTAL VERIFICATION 


3.1 DEVISING AN EXPERIMENT 


The author's principal purpose was to devise an 
experimental method of testing the analytical model. The 
beam part of the system was simple enough: use a beam. The 
more difficult problem was how to attach a distribution of 
independent masses to it and meet all the conditions 
imposed by the assumptions made in the analytical model. 

Some of the more important considerations were: 

ilo) How to support the beam and attached 

masses such that the beam would not sag under 

its weight and the supports would not 

interfere with the wave propagation? 

2) How to drive or excite the beam such 

that flexural waves propagate down the beam 

only and no reflected or standing waves are 

created? 

3) How to attach the masses to the beam 

such that a mass-spring-damper system is set 

up which vibrates in the same plane as the 

beam? Side coupling between and rotation of 

the masses was to be avoided. 

4) How small must the longitudinal 


dimension of the mass-spring-damper system be 





so that the distribution appears continuous? 

5) How to accurately measure the 

attenuation of the propagating flexural 

waves? 

The type of beam selected was a uniform, rectangular 
beam. Beams of this type have many advantages in this 
application. They are cheap and readily available. They 
are symmetric. And, since they are much stiffer in one 
dimension, it is fairly easy to cause the beam to vibrate 
in pure bending. Also, the flat surfaces provide a 
convenient place to attach the masses. The beam material 
and size were selected somewhat arbitrarily. An aluminum 
beam with rectangular dimensions of 1/2 by 1/4 inch was 
used. 

But, how can the beam be supported and flexural waves 
generated so that only they propagate down the beam? One 
way to support the beam so that the supports don't 
interfere with the propagating waves is to suspend the 
beam by threads. For this experiment, the beam was 
suspended horizontally from the ceiling by thin, 
monofilament fishing line. The line does not restrict the 
motion of the beam horizontally and transmits very little 
energy away from the system. And by suspending the beam 
ПІШЕН ісе stiffer dimension in the vertical plane, it will 
not sag appreciably. 


However, a finite beam with free ends readily 
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resonates. To overcome this, the beam must be damped at 
one end to absorb the waves as they propagate toward it. 
Suitable damping can be achieved using a box of sand in 
which the end of the beam is buried. 

It was decided that a good way to excite the beam in 
flexure was to drive it horizontally with white noise. 
Thus, a known input over a broad range of frequency could 
be easily achieved. 

So, at this point, the experiment consisted of a 
horizontally suspended, uniform, rectangular beam, driven 
at one end with white noise and damped at the other end by 
burying it in sand. Now how can a continuous 
mass-spring-damper system be added to the beam? 

Since the wide dimension of the beam is in the 
vertical plane to prevent sagging and the beam is to be 
driven in flexure horizontally, the attached masses must 
be on the vertical sides of the beam. The method used to 
accomplish this was to stick a resilient material onto 
both sides of the beam to simulate the spring-damper, and 
then stick the masses to the resilient material. 

For the resilient material, a closed-cell foam 
weather stripping was selected because it was readily 
available, about the right size and had appropriate 
stiffness and damping qualities. As for the masses to be 
attached, nuts and/or washers were used. These were 


chosen again because of availability and also because of 
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the range in mass and physical size they provided. Апа, 
being mass produced items, their uniformity was good. 

The experimental set up of the beam-mass system is 
shown in Figure 4. All that remains to be done is to 
measure the attenuation. The approach adopted here was to 
drive the beam with white noise at an arbitrary but fixed 
level. Then, using an accelerometer, one can measure the 
acceleration spectrum level on the input or driven side of 
the attached masses and on the output or damped side of 
the attached masses. The difference between the spectrum 
levels would then be a measure of the attenuation caused 


by the attached masses. 


3.2 EXPERIMENTAL SET UP 


The first thing set up in the lab was the equipment 
needed to drive the beam and measure its vibration. A 
block diagram of the equipments used is shown in Figure 5. 

The beam was driven with white noise from a random 
noise generator, through a power amplifier, shaker and 
impedance head. The impedance head was primarily used to 
monitor the drive point acceleration level so that the 
input level could be kept constant. 

The beam vibration level was measured with an 
accelerometer. The accelerometer output was processed and 


monitored using an amplifier and a filter in series with a 
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spectrum analyzer. The accelerometer was fixed to the 
beam using bee's wax so that the measurement position 
could be easily changed. 

With the drive and measurement equipment ready, the 
next step was to obtain a measured spectrum on the beam 
alone that was relatively smooth in frequency. With white 
noise driving the beam, if the measured beam spectrum was 
smooth, it would mean that the desired unidirectional wave 
propagation existed. That is, all the flexural wave input 
by the shaker was travelling down the beam and being 
absorbed by the sand making the beam appear semi-infinite. 
This ideal case wasn't obtained. 

There were two significant departures from the 
desired smooth spectrum. One was that there were 
significant resonance peaks present below 800 Hz. The 
other was that there were two zones of non-propagation at 
T5 and 4200 Hz. 

The resonance peaks at low frequencies were the 
result of the beam-sand interface reflecting rather than 
absorbing waves at these frequencies. The non-propagation 
zones were caused by the method and point of attachment of 
the shaker. Essentially, the shaker was driving the beam 
at a nodal point corresponding to waves at the 
non-propagating frequencies. 

Even with these problems, a trial run with the 


mass-spring-damping system attached was conducted. The 
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closed-cell foam was attached to both sides beam with 
double-sided stick tape. Then, quarter inch nuts were 
placed side-by-side on the exposed sticky surface of the 
foam weather stripping. The length of the 
mass-spring-damper system was about 30cm. 

The treated beam was then driven and acceleration 
measurements were made on the driven side and damped side 
of the treatment. A very broad attenuation zone was 
detected by comparing the input and output measurements. 
Appreciable attenuation had taken place from about 200 to 
700 Hz. The general shape of the attenuation curve was as 
expected. Now the experimental set up and procedure 
needed refining. 

Changes in the experimental set up were aimed at 
achieving a smoother beam spectrum. The first change was 
to use a longer beam and have a sand box for damping each 
end of the beam thereby simulating an infinite, vice a 
semi-infinite beam. The primary motivation for this was 
to eliminate the beam end discontinuity. 

Another was that a much greater length of beam was 
placed non the sand. The idea was that by burying more 
beam length in the sand the absorption of waves with 
longer wavelengths would be increased, thus smoothing the 
Spectrum at lower frequencies. In the initial 
arrangement, about 30cm of the beam was placed in the sand 


and in the final arrangement about 90cm on each end was 


28 





placed in sand. For comparison, at 300 Hz A ¿=44cm and at 
200 HZ, A¿=54cm. 

The driving point attachment was also altered. The 
first connection consisted of a bolt through the center of 
the beam. The beam was secured by a nut and a small 
washer on each side. The final connection used two large 
washers to clamp the beam from below. The intent was to 
have a more rigid drive connection with larger contact 
area. This connection had the drawback that it may have 
introduced torsional waves because it was off-center. 
However, it was judged that this effect was of minor 
importance and did not invalidate the results. 

With these changes, the beam spectrum was again 
measured. Based on the preliminary treated beam 
measurement, the useful frequency range became 300 to 2000 
Hz. Improvement had been made in both the low frequency 
region and the non-propagation zones. 

Since the foregoing changes made improvements, could 
more of the same be better? At this point, a lot of time 
was expended trying to further improve the beam spectrum 
to no positive end. 

The sand was worked with first, and the following 
conclusions were reached: 

1) The length of the beam in the sand had no 

noticable effect beyond about 50 or 60 cm. 


2) The low frequency resonance peaks were 
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reduced more when the beam was merely 
"nestled" in the sand instead of being 
buried.  Burying the beam causes more of a 
discontinuity and consequently, more 
reflection. 

3) Very dry, fine sand was far superior to 
wet sand. The beam spectrum was very 
sensitive to moisture. The wetter the sanc, 
the worse the low frequency resonance peaks 
became. Again, this was due to a greater 
discontinuity at the beam-sand interface. 
Moist sand does attenuate high frequencies 
better, but this was not the issue here. 

4) Adding damping materials to the beam ends 
in addition to the sand had no noticable 
effect. The damping material was good for 
high frequency absorption which, again, was 
not a problem. 


The drive point connection was also varied to find a 


better method. The size of the area clamped was further 


increased and found to have little effect.  Varying the 


horizontal location of the drive point caused the 


frequency of the non-propagation zone to shift by as much 


as 100 Hz. Moving the drive point closer to the sand 


caused the frequency of the non-propagating zone to shift 


upward indicating that it was a function of the beam end 
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length. But since the frequency shift was limited, this 
could not be used to move the non-propagating zone out of 
the frequency range of interest. 

For comparison, Figures 6 throuah 9 show various 
measured frequency spectra. Figure 6 shows the response 
of the beam alone. The beam was suspended horizontally by 
thin lines and struck lightly with a small metal rod. The 
first five resonance peaks were verified using elementary 
beam theory (see Appendix A). Figure 7 shows the white 
noise input to the beam from the shaker. There is a 60 Hz 
peak present, but above 100 Hz the spectrum is quite good. 
Figure 8 shows the driven response of the beam with the 
ends free. And Figure 9 shows the driven response of the 
beam with both ends in the sand. This spectrum is quite 
good above 350 Hz. It would have been nice to have the 
Spectrum shown in Figure 9 for all the experimental runs, 
but as can be seen in the figures in the appendices, the 
Spectrum was different for each run. The mass loading of 
the beam and the resonance of the mass-spring-damper 
System added unwanted wrinkles to the spectrum. However, 
the input and output spectrum irregularities usually 
subtracted or averaged out and the resulting data were 


acceptable. 
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3.3 EXPERIMENTAL PROCEDURES 


The equipment was calibrated with all components 
connected as a unit including the sensor, amplifier, 
filter, analyzer and connecting cables. Then, no 
instrument, setting or cables were changed during the 
experiment. 

The accelerometer used for the beam, a Wilcoxon 
Research #91 (29m), and the accelerometer portion of the 
impedance head, a Wilcoxon Research Model Z-602, and their 
respective system components were calibrated using a 
General Radio vibration calibrator Model 1557-A. The 
amplifier and filter settings for both systems were 10 dB 
gain, 20 Hz high pass and 3150 Hz low pass. 

The force portion of the impedance head was 
calibrated by a mass comparison procedure. Two known 
masses were each attached to the impedance head and then 
driven sinusoidally. The force voltage output and known 
acceleration level were used to determine the force level. 

The point input impedance of the beam was determined 
and compared to the impedance of the accelerometer. This 
was done to ensure that the accelerometer impedance was 
small compared to the beam impedance and would not affect 
the measurements taken. 

Finally, the desired attenuation data were taken. 


The procedure was simplified by the fact that this was not 
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a phase coherent vibration study. The only parameter of 
interest was the amplitude of the acceleration spectrum at 
the input and output sides of the beam treatment. 

For ease in data comparison, an arbitrary reference 
acceleration level was chosen. The acceleration at the 
drive point as measured by the impedance head was 
maintained at -5040.5 dB re 4.35g at 1000 Hz. This level 
was checked before each data set was taken. 

Data were taken for eight different mass ratios and 
for two systems containing a combination of mass ratios. 
For each mass ratio, data were taken for different lengths 
of beam treatment. By measuring several different 
lengths, the attenuation per unit length of beam treatment 
could be determined from the slope of the data obtained. 

The input and output amplitude frequency spectra were 
taken using a Spectral Dynamics SD345 spectrum analyzer. 
The input and output measurements were each RMS values 
averaged over three locations 2 cm apart to submerge 
uncertainties due to residual phase coherent effects as in 
standing waves. This was done by moving the accelerometer 
and taking 21 time averages at location one, 22 at 
location two and 21 at location three. Sixty-four time 
averages was a convenient setting that gave good results. 

The input and output spectra were plotted using a 
Hewlett-Packard 7470A digital plotter. A typical plot is 


shown in Figure 10. The difference between the two 
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spectra was taken every 50 Hz to get the insertion loss. 

The attenuation for various treatment lengths was 
taken and reduced to an attenuation per unit length by 
finding the slope of the insertion loss curve for each 
frequency. The slope was determined by a least squares 
fit of the data. From the slope, Ao, the attenuation in 
the distance of one untreated wavelength, was computed by 
multiplying the slope by Лог This could then be compared 
with the analytical model predictions. 

There is a common difficulty in using the insertion 
loss. As the attenuation level increases beyond a certain 
value, the insertion loss curve flattens out or saturates. 
The saturation in this experiment became more evident as 
the mass ratio and, therefore, the attenuation levels 
increased. An example of a saturated insertion loss curve 
and its effect on the attenuation curve obtained are shown 
schematically in Figures 11 and 12. The insertion loss 
saturation is caused by a bypassing or short circuiting of 
the wave energy around the beam treatment. The effect was 
corrected for by taking the slope through the unsaturated 
portion of the attenuation versus length curve. 

The loss factor and stiffness values of the closed 
cell foam used as the resilient material are needed for 
comparison of the experimental and analytical results. In 
particular, the loss factor, R', and the stiffness, k, 


versus frequency were determined. 
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The apparatus used to measure R' and k is shown in 
Figure 13. The foam was mounted on a plate and a known 
mass was placed on top of the foam. The plate was then 
driven with white noise and the response of the mass 
measured with an accelerometer. A typical amplitude 
response curve is shown in Figure 14. From the amplitude 


response curve, the natural frequency, o and the 


о! 
half-power bandwidth can be determined. With these two 
parameters and the known mass, the values of R' and k are 
easily computed. 

Difficulty was experienced in determining R' and k 
values tc be used however. This was caused by the 
differing areas of contact of the masses used. The R' and 
k experiment used a plate on top of the foam to simulate a 
continuous distribution, but the attenuation experiment 
used individual nuts and washers on the foam. And since 
the foam's material properties are greatly affected by the 
geometries involved, some uncertainty existed. There was 
also considerable spread in the R' and k data before it 
was averaged. Plots of R' and К versus frequency are 
shown in Figures 15 and 16. 

The analytical model does not account for variation 
of R' and k with frequency. However, the change with 
freguency is small and has little effect on the predicted 
attenuation curve. The effects of the experimentally 


determined frequency variation of R' and k are shown in 
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Figures 17 and 18 (in these fioures, the constant R' and k 
curve is the same as that in Figure 3 with 820.50 and 
R'=0.46). The effects are small compared to the 


experimental errors, and can be neglected. 
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4. RESULTS 


The experimental data compared quite well with the 
analytical predictions. Figures 19 through 26 show the 
comparisons graphically. Each figure is a plot of the 
attenuation Ao measured in dB, versus normalized 
frequency, w/w g The solid curve shows the analytically 
determined attenuation for the given values of g and R'. 
The experimental data points are shown by circles (the raw 
data is compiled in Appendices B through І). Comparison 
of the data with the predicted attenuation in Figures 19 
through 26 confirms the analytical model adopted. 

As discussed in Section 3.3; values for k depend upon 
the geometry of the mass-foam contact. Hence, to 
determine оо more precisely for the experimental case, the 
experimental curves were form-fitted to the respective 
analytical curves. This was done by matching the peak of 
the analytical curve and the apparent peak of the 
experimental curve. From the fit, шо Was determined and 
then used to check the value of k with that previously 
determined to ensure that it was reasonable. 

Some of the figures show appreciable data scatter on 
the 'tails' of the attenuation curve. This was caused by 
experimental noise. The figures in the Appendices show 


that near the ends of the attenuation region, fluctuations 


in the measured spectrum level begin to be a sionificant 
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fraction of the level differences. 

Figures 27 and 28 show results of experiments in 
which two different mass ratios were used simultaneously 
on the beam. The two masses were attached to the 
resilient material alternately such that the distribution 
remained pseudo continuous. The mass combinations were 
chosen such that the magnitude of their respective peak 
attenuations were similar and such that there was 
sufficient frequency separation between the peaks to allow 
both peaks to be detected if they were present. 

Both peaks were observed as is shown in the figures 
(the raw data is compiled in Appendices J and K). In 
these two figures, the analytical curves were form-fitted 
to the experimental curves. This is the reverse of what 
had been done with the single mass ratio case, but was 
necessary due to the relative uncertainties in the spring 
constants. 

The combination mass ratio curves confirm one of the 
major assumptions implicit in the analytical model. That 
is, each mass acts independently of its neighbors, or, 
that there is no appreciable coupling between masses. 
This is true because if there was mass coupling, the two 
attenuations peaks would tend to merge to an average 
value. This result is interesting because it implies that 
a very broad attenuation band could be created by a 


combination of many different mass-spring-damper systems. 
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> ee CONCLUSIONS 


The experiments carried out in this thesis show that 
resiliently mounted masses attached to a beam do indeed 
act as dynamic absorbers. The extension of this is that 
the internally mounted eguipment of a ship or submarine 
hull also act as dynamic absorbers with respect to hull 
Vibrations. And while the internal equipment and 
mountings are more complex, they can be a significant 
maetor in hull vibrations. 

The experiments also confirm the analytical model 
adopted. The experimental results agrees quite well with 
the analytically predicted attenuation over a frequency 
band of about 0.7 що, 7 ш. This range was limited by 
noise in the experiment. The data fit was good for all 
Mass ratios used; from f=0.35, typical of hull structures, 
to a quite severe loading of 6821.75. 

Another important point is that the attached masses 
acted independently. This is shown by the experiments 
using a combination of two mass ratios. The independence 
was achieved by using a foam as the resilient material. 
The foam deformed locally durina vibration and diá not 
cause coupling between the masses. This result allows 
attenuation over a much broader frequency range through 
the use of a varied mass distribution. 


There are some immediate extensions of this thesis. 
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One is an investigation of the importance of mass 
rotations. The assumption used here was that no mass 
rotation took place and for the geometries of this 
experiment, this was apparently a good assumption. A 
similar experiment could be made using masses with greatly 
varied geometries or moments of inertia. Another would be 
to make a similar study on a cylindrical shell instead of 
a beam. The shell and probable mass distributions would 
complicate the modellino and measurements, but would more 
closely approximate a submarine hull. Finally, the 
importance of beam-mass asymmetry, not addressed in this 
thesis, should be assessed. 

There are recommendations tó improve the results 
obtained in these experiments. One is to use a much 
larger beam, both in length and cross section. This would 
permit the attachment of larger masses to the beam and 
would make some measurements easier, particularly those of 
R' and k. In the present experiment the mass of the 
accelerometer was about the same as the attached masses. 
Second, one could use a resilient material with a smaller 
loss factor and a spring constant large enough to keep the 
attenuation frequency range well into the smooth part of 
the beam spectrum. The smaller loss factor would make the 
attenuation peaks higher and sharper and also make the 


determination of R' and k easier. 
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APPENDIX A 


BEAM DATA 








Material  - Rolled Aluminum 
Properties - p= 2.7 gm/em? E = 6.9 x 10" дупе/ сш” 


Dimensions - 305 em x 127 cm х 0.64 em (10! x 1/2" x 1/4") 


Gross Sectional Area - А = 0.81 zu 
Area Moment of Inertia - I = 2.7 X 107% Sue 
Dispersion Relation - d SS DOTS E AEM Е) 


Computed Free-Free Natural Frequencies: 


ТҮЗІ = 2Tf‏ — ج 
pA‏ 2 
ӯ,‏ 
МОРЕ Í 2 3 4 5‏ 
)4( 
299 200 2 67 2 
46.9 31.4 290 9.7 کو Е‏ 
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APPENDIX B 


ATTENUATION DATA 


8 з 0.35, Віз 0.50 
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TABLE B2 


m - 0.38 gm Ё, = 1320 Н2 8 - 0. 
RESULTS: 

f (Hz) SLOPE (dB/cm) ATTEN 
1000 0.124 

1050 0.131 

1100 0.165 

1150 0.289 

1200 0.214 

1250 0. 311 

1300 0.380 : 

1350 0.406 

1400 0.501 10. 
1450 0.443 

1500 0.506 

1550 0.446 

1600 0.434 

1650 0.408 

1700 0.495 

1750 0.532 

1800 0.472 

1850 0.292 

1900 0.350 

1950 0.479 

2000 0.280 
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чо о мо о ого од 


29 


(dB) 


SI Zero SS OS. ОССЕ МОЕ © хб 


۸۵ ۹ 09ھ 
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к к оҥ к = = = = نم نم نم یم نم یم‎ оо о. о о о о 


06ھ 
27:9 
293 
297 
91 
95 . 
299 
702 
2/06 
10 
14. 
17 
Lp‏ 
222 
,2 
229 
0ء 
40. 
44. 
48. 
2ھ 





m 
е (см) 26 
f (Hz) 
1000 Ж 
1050 а, 
1100 3 
1150 4 
1200 6 
1250 Ce 
1300 8 
1350 9 
1400 9 
1450 Ше 
1500 125 
1550 12 
1600 12. 
1650 10. 
1700 9 
1750 8 
1800 6 
1850 ши 
1900 6 
1920 5 
#000 > 6 


. . . . . . . . . . . . 
UU O ~ о со мо O ہا‎ F2 о > М м тэ м со ~ о ~ го 


0.38 gm 


© с ہا ي‎ Ú) ú) دم‎ 
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1920247 


ATTENUATION DATA: 
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14 
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11. 
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71L 
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if 
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о о 
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pes 


с к о 


ON F> e OO O оо с ہا‎ м м кю نما‎ 


го 


0:35 
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3,6 

3.0 

6.8 

8.0 

8.6 
10.4 
11.5 
13,8 
15.2 
16.7 
15:9 
16.6 
14.8 
14.8 
9 
12.5 
1129 
10:9 
1026 

9.7 
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д. 8 
3.9 
6.0 
8.0 
ori 
10.4 
| 
14.8 
17.1 
16.5 
17.9 
17.5 
18.4 
16.5 
1621 
14.9 
13,9 
10.4 
5ھ(‎ 


11-1 


85 


0750 


4.2 

2:2 

2-9 

8.6 

8.2 
10.2 
12:8 
1:29 
17,2 
18.3 
19.5 
18.9 
85 
16.1 
15.8 
15.5 
12-3 
11.5 
202] 
12.1 
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Hz) ATTENUATION (dB) 

400 D 2.4 26 3.3 3.6 
450 ЗЕТ В.Э 6 6.7 6.1 
500 5.3 6.0 9. 7 10.0 9o 
550 зе 9.8 11523 14.0 14.0 
600 1997 13.9 14.8 1329 1620 
650 19,0 13.1 1797 16.9 18.4 
700 14.4 17.6 16.5 18.8 17.9 
750 12.5 13.9 15.3 18.9 15.5 
800 11:0 1 13.8 16.3 15.7 
850 Зо 9.3 BU 191 12.6 
900 6.9 748 SEM ІШ > Е 
950 4.0 77 8.1 8.3 9.3 
1000 3.4 6.5 7 5.8 7 
1050 30 4.6 3.0 6.3 227 
1100 4 225 во! 32 3.0 
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TABLE HZ 


ш = 1.69 gm fo = 550 Hz В = 1.55 О: 
RESULTS: 
£ (Hz) SLOPE (dB/cm) ATTEN (dB) E. 
400 ШӘЛІ 075 0. 73 
450 00325 IBN: 0.82 
500 0.449 ی22۳‎ 0.91 
550 0.680 22.0 1.00 
600 0.487 (0.230)* 7 ۹ 9 
60 0.468 (0.180) ООК) 58 
700 0.449 (0.310) ПОТУ) 09۷ 
750 0.548 (0.860) К КОЛ ол о) 1.36 
800 0.517 (0.660) lI ر170‎ ٦ 
80 0.5/5 ۷۷٦ ШЕРІ 05-27 53 
900 0.469 (0.605) J 0 ٦ 1.64 
950 0.385 (0.550) 158) Ds 
1000 0.380 (00545) 3 (13.1) 1552 
100 0.303 (0.355) N1 -( 8-3) ].91 
1100 0.304 (0.195) 6.9 (4.4) 2.00 


* slope through first five points only 
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£ (Hz) 


300 
350 
400 
450 
500 
550 
600 
650 
700 
750 
800 


m = 


£(cm) 9. 


бо می‎ с с O 


о лә дб м хо о о о w 


07 


un л - 
* а 


i 


1.91 gm 


ІШ 


~ 


од с О ш б б чм Б а «з ~ 


. . » . . 
(м ыз re a ~ 


. . 
шш ~ с 


. 
г“ 


. 
с“ 


420 Hz Z 


ATTENUATION DATA: 


067 19, 


ATTENUATION (dB) 


1.6 3 
6.0 6 
527 9 
1225 I3; 
15.1 15: 
157 18. 
лед 16. 
19722 15% 
14.7 12. 
1170 Ше 
1071 9 
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TABLE 12 


m = 1.91 gm f, = 420 Hz POT 5 R'= 0.45 
RESULTS: 
f(Hz) SLOPE (dB/cm) ATTEN (dB) e 
300 06 Io 01 
320 02225 91 03 
400 0.404 15.3 O. 95 
&50 0.482 (09500)* ККЕ +۶ 07, 
500 0.2489 (0975) Шм Ол Кү О) Ж Ой (0 
550 0.524 (01588) 10ا0 0ط‎ qal 
600 0 6 ٣٦ loo. (20.9) جا‎ 
0 02592 2007827) EA о 
700 0.525 ٦ ۲۰۰٠٢ (20.5) 1.66 
750 0.534 (0 TAR) a (19.9) ІЛ 
800 0.347 (0.430) oS 101222) 1590 
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slope through first five points only 
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APPENDIX J 


ATTENUATION DATA 


І 
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8. = 095% R. 250 
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. 3+ 
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о о | МЕ! 
| o | 
«таа WOaITAUERTTE Е y 
| 2 4 





u 





и», й .. КІРІ! "aq 
00,009 ай é fP ü + 


— 


«ть s 


m, = 0.38 gm Е 20035 кі = 0.50 
m, = 0.55 gm Zr = 750 Hz 5; = 0.51 R^ + 0.47 
ATTENUATION DATA: 
Ё (сп) 29 ӨП 33 95 37 39 
ATTENUATION (dB) 

f (Hz) 

700 4.8 258 2.8 4.9 4.8 225 
750 353 4.1 6.1 6.0 6.6 6.7 
800 5.0 6.5 557 7.0 9.4 9.4 
850 8.0 8.3 9.2 9.6 10-8 12.6 
900 9.2 10.9 9.2 11.0 1353 121 
950 9.2 9.3 9.5 10.5 (250 12.9 
1000 6.9 Да 9.0 9.0 IA 10%] 
1050 5 6.8 KI 6.5 8.6 . Два 
1100 507 DE 5.5 255 6.3 6.6 
1150 4.8 6.4 5.5 7.6 ا‎ 8.4 
1200 123 5.9 6.0 6.3 5,5 7 
1250 6.2 7.4 6.3 5.9 7.0 728 
1300 6.5 ВА 1-1 6.6 Во 8.9 
1350 6.1 742 6.9 1:5 9.9 8.8 
1400 7.0 7.0 7.9 8.6 9.0 гаса 
1450 8.5 8.2 28 9.4 10.9 81 
1500 6.8 7.6 2 8:5 — 10.8 
1550 7.9 8.9 9.5 8.9 116 11,5 
1600 7.6 9.1 9.2 10.1 10.6 11.4 
1650 7.1 В 223 10.7 10.3 10.2 
1700 4.1 6.6 7.4 7.8 9.3 9.5 
1750 5.8 8.3 6.0 693 8.8 8.6 
1800 4.7 آ7‎ 5.8 6.9 8.0 7.9 
1850 — 6.6 з 8.0 7.2 6.6 
1900 4.0 5.9 Do — EB 502 
1950 4.1 5.4 4.1 ٦ 5.6 5.8 
2000 Seo 3.9 255 — 4/5 5.2 
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550 0,5982 (025720 19.5 0 128) 
600 0.34 12000392) 19,8. 061221) 
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1350 0.246300. 43125 BOE T3) 

1400 0.182 90051729 С КЕ. 


* slope through first four data points only 


** slope throuvh first five data points only 


176 





-_ 
É Уза (et Sei se he 





i al б “аб ам ер: mE 


10 а ва 
| e mA 29 
b ае 9 мъ - 
g | € 2 
és оо 
жул р 
Del Ni 
і м =D 
МУ T 7 
Í то ШИ 
Урай 
га 
7 | 
jè 
de 
і 
ig | 
08 5 
i $ 
- 
і ' 


wD c = T 


- р 1 ٤ 


тя ++ O Lal 








Mc А2 | ont ERES 
DU XJ Q | | | 
|| | | | | | | | | 
| | | | | | | | | | | 
t | i ‚ ! ‘ 
пы See os ud E کے‎ — — 
| | | | | | | | | | | 
E ; : i ; ; і | : 1 
| | | | | | | | | | | | 
| x | | | | | | | | | 
| а с ےرہ‎ = да = Bean = | р и сол н E : E. T VT 2 — Дарина BER ES 
|| | | і | | | | | | 
| | | | | | | | | x 
| | | | i | ый | | | 
|| nye. aan | | | үр 
| т Р | ў | | ' | i | | 
, | AA ۸۸۷۰۷۸۷۴۷۱ x | ne in. Ў | 
| | | | | | | | * |; 
| | | | | | | | | "E 
| | | | | | | ( | | 
i і і | 
| | | | | | | | | 
| | | | | | 
| | | | | | | x 
| | = | E — RAE ne ere — مدق بد‎ سس١‎ ۲ 8 
! } ! j ! | , | 
| | | | | | | | x x 
| | | | | | | | | | 
E | | | | | | | | | 
| | | | | | j | 
A نت ئ‎ 777564 | Ne aE то - یی‎ 720 N Eas N وہ وو‎ 


177 


(Je- 





й "1 pem سے‎ 


ш = Т 


г T L. 


22112222 حر ہکوہ 


CA ЯЯПЭІЧ 


, 
, 
i 
1 
| 

— — ا — — 

4 
! 
1 

— — — — — —— —— — — 


| 


— 
سے ہی 





I 
4 
1 
| 
4 
I 
I 
І 
1 
4 
1 


— — ñ —— 


— — —— — — — — — w ka s — sa a a s = 
ЕЗ 
* 
= 
2 
ہے۴‎ 
! Rn ! 
а کہ‎ 
=” . 
Н 
— — 0 a = 
~ 
< 
A 
=. 
- — 
r3 
= 


| 
| 


fe en 
t t 
A 


-- 
! 
, 
t 
: 
کی ی — — — — — — یی‎ —j —— —— — ٦ 
І 
( 
і 
І 
і 
$ 


4 
I 
| 
1 
' 
' 
) 
à 
| 


— — —— — а а 


ne — et M 


178 








uo oz + т 


С 


sv” 0=,4 ES 


E NY TS 
ар 69 0= 4 


ЕЛ ano 


< 
(N 
En 
— 
O 


| 
| 
| 
p 
| 
| 
| 


| 
} 
i 


—— — - 


x 
| 


д‏ و 
; 


| 
і 
! 
' 


- . مھ 


! 
, 


| 

i 

i 

| 

| 

i 

| 

—_ ek 

4 

1 
Ao کک سک‎ mdi 
| 5 | ! 
' 1 
| 
= 
t 

| 

ا —— 

! 

і 

у 

! 

I 

| 

| 

پس 

' 

| 

} 

I 

| 

1 


Be et EE in 


і 
۱ 
| 

== -4-- ---------- 

! 
! 
] 
| 
( 

C Lxx cc ua pi то 
1 
' 
| 
і 
! 
| 
| 


mm 

—. Y 
— 

— ыы] 


о 

| i | 
| i ! 
| 
: ` | 1 

| ' ; 

| | | 
) 
$ 
| 

с 
| 
| 
} 
| 
— 
I 
} 
| 
ТШЕ 
| 
| 
i 
! 
i 
} 
T — — — 
і 
) 
| 
і 
a | 
у 
NEC I rs 
| 
} 
| 
і 
— — — 
AA — — 


NE. а 
| 
| 
| x 
} 
КН ылас сс ا‎ 





| 
| 
| 
e SNL 
! 
} 
1 
| 
i 
m nn — — — — 
| 
| 
| 
| 
аа EA 
| 
| 
1 
| 
| 
і 
| 
| 
| 
| 
{ 
| 
і 
| 
А si 
i 
| 
۱ 
ہے مس ات‎ 
۱ 
| 
| 
| 
| 
} 
«Го пети — 
} 
1 


| 
| 
| | | 
casos | 5 BE N cios ae IB — — — —4— — 


— = 


| 
| 
| 
ARA 


| 
| | 
фи = S| z: cot НН ОН ИШ 


i 
| 
| 
| 


© 
T 


Сб 
£u 


O 
T 


9 





вр'0=44 


Шо а се 


ES 


= 


ee: 


VA ЧЯПЭІЯ 


G0 


I 


g 





Ü 
— —— 


| 
| 
| 
' 
| | 
| 
і 
| 
— 


смер 


| 
| 
M 5 | 08- 


| 
а MO, Ë 


ВО 


180 





су О=,4 к "Lb"0=,4 '69'0= 5 


e 
"UN 


— — — — — — З сай . ہے‎ н 


| 
| 


| 
| 


— wh. — — —— 





— — — — — -.--.-..... - 


2 2 ص+) 
| 
3 } 
і‏ 
; 
` 
} 
i‏ 
 —‏ — — 
l‏ 
| 
t‏ 
{ 


Е کی‎ 
| | 
| 


- س — 
— — — 

' 

, 

: i 

` \ 

l 

— — — — — 
| 

i 

1 

, 

| 

' 


— — — — — — — 


Қал реа на 


Шо cr 


|| 
=ч 


С Т I 


SA чапртя 


سس ماس 


| 

| 

| 

| 

| 
| | | | 
| | | 

UN 


| 

! 

— — - بے 
' 

) 

| 

ч 
| 

! 

| 

} 

| 

' 


--- -- --- — — — — — — — MÀ — — 


| 
| 
y 
anoman nr mar ee E Ee | — — — 
| 
| 
| 
i 
| 


І 
— F — — — —— 


Z 
| 
| 

| | 

J 

1 
| 


га 


ہت 
Д >‏ 
— 
کے P‏ 
oe em‏ 
; 
A a Й‏ مر ہہ m 0088۷9۷080 ٤‏ — 


і 
| 
l 
| 
| 
— 
| 
| 
| 
l 
, 
! 
| 
i 
| 
| 
| 
| 
! 
{ 
| 
+ 
| 
| 
| 


—— — р ----. —— nn — 
} 
| 
| 
1 
" d ------- 
| 
1 
| 
| 
— 
i 
| 
i 
| 
' 
| 
———M —À —Á— 9 
1 








l 
І 
$ 
ت‎ — — 4... 
} 
1 
і 
| 
u 
. ' 
— — — — — — — — 
і 
! 
| 
í 
| 
f 


' 
t 
| 
4 
1 
4 


1 


H O 


ga 


O 
T 


Tol 


| | | A, 


фа. ъф. 


L. f | 


4 


y 





шо 67/@ = I 


C 


СЕС ньо | т 


9 ‘/p°0=,4% *69*0= Y 


91 danoIa 


< 
N 
UN 
R 
О 


- -—— 
t 
| 
i 

— 
( 

} 
— M": 
' 

і 
— de 
} 

$ 

! 

й 

. 

] 

' 

1 

( 

| 

і 

і 

t 

' 

I 

! 
жср л = 
| 

I 

) 

, 

— 25 
о 
1 

y 

1 

' 

' 

| 

У 

} 

4 
— 

'. 

, 

і 

| 

— — 


— — 


i . 
| wen E Е 5 0 MISES 


Ree 
} 
4 
í 
' 
4 
- ---- 
I 
a 
' 
1 
І 
( 
І 
l 
+= 
— — 
, 
t 
} 
~ 
і 
/ 
| 
' 
, 
T 
t 
1 
4 


سا —— 
—— — 


| 
1 
! 
qm 
} 
í 
і 












1 
| | | | | 
| i i | | | Г 
— Е MY RR Apo = ~ ]. $ — ас: — 
| | | | | | | 
{ i 1 | + 
| | | | | | | 
: | | | | 
| | | | y 
Ë мо ы d rd E. = в бс с А 
І і ' ' 
x | | | | 
{ | + | n | | | Hd 
г І > 
! 


t 
i 
1 
سي‎ 
| 
, 
( 
t 
; 
1 
| 


| 
! 
i 


کب سے — —— - .— — 
. 


—— À — —  — — о 


' 
І 
і 
| 
| 
| 


— 
- — — صمح — — — 





--——- 


| 
FM Ек La ав EE SED 
| 
| 


і 
о — کک کے ےس‎ ——— Ñ 

, 

! 

t 


t 

} 

! 

| 

| | 

: t 
وھ‎ 9 ы — о. 

і 

1 

| 

| 

| 

, 

+ 

| 


ЕЕ ЕИ 


| ра 


' 
} 
t 
| 
лалета а 
i 
а 
1 
i 
і 
' 
} 
І 
І 
| 
1 
۹ 
I 


— — MÀ — 
— 


| | 
| | 
| | 


182 





м um 


اہ ہے سے — we‏ — — 


—— — 


— 


— — — — 


—o— е — — — — — 


М 


l слани 


poo 


ШО ОЕ = [I 


— | 
57 `0=,а Ол ۶ع ؛‎ 0< 69*0= 


Lo 


j 


LX 89 


А 
| 
Е 


| 
| 
| 


l-——————————— ىہ‎ — ——— 
} 
4 
l 
1 
| 
' 
| 
1 


| 
1 
4 
' 
— — а 
І 
t 
| 
1 


- am ھ ححےے‎ — — —— — — - — — —— un 


! 
i 
! 
і 
' 
| 
4 
і 
' 
1 
у 


Мис = — — 52 


| 

| 
A г m" I 

| i 

| 


a a E TE ere وی سے‎ e p — — diee 


} 


پس ا — —— — —· — _—— 
1 | 
і‏ 


43 — — ہے کس — نے — — — 


5 


— 


і 
f 
' 
| 
| 
4 
I 


— — — — — а 


| 

і 

- $ —— t 

ты 
— 


—— — — — — — — — —— — 
і i i 
j | 


— — 


— Да 


4 
} 
4 
| 
і 
І 

——— — 

k 
| 
І 

ше - чле as. etm Å- ж ویو‎ ee ee LY 
| 1 
! 
۱ 
| 
4 
4 
' 


' 
1 
| = 
t 
t 
n о — 
] 
f 
% 
M 
, 


ameu = 


70پ ھ٭ 
i‏ 
1 
1 
А. gras 2 „ -‏ - 


— —ÀÀ -- — — 


У 
z 
= '۔‎ 
mm 
— — | 
— — — — Й 


4 a 
1 
à 
1 


! 
i 


| 


— —— — — .- ~ 


+ 
і 
! 
| 
i 
4 
4 
> — t 
1 
' 
' 
1 
` 
! 
— — —s — — 
+ 
{ 
i 
een 
4 
— 


i 
| 
| 
| 
! 
1 
| 
" 
1 
} 
mg nn 
| 
| і 
і 
у | 
' 
! 1 
nuu нано дан 
i 
! 
' 
f 
і 
] 
! 
' 
| 
' 
і 
| 


x 

. м 
| | Mo 
x x , 
x | | 


O 
T 


103 





4 
| 


Шә а СЕ = Т 


6970-18 70 ےرت <0 ۰ 8 


8»X WHODIJ 


Ac An О 
` i ЩЕ ша ГТ X | DENDO "m". Е | | 
| 


| 
| INR. EN ЖЫ 
| 
| 
| 








, x — 
ا ا‎ RUE 
x سے‎ Te 


‘ 
— — — — — 
1 
, 









НО 


Ос- 


184 





10. 


REFERENCES 
Cromer ١٣٠۰٦٦60۳٦٠٦٦". М,, апа Undar, E.E., 
Structure-Borne Sound, Springer-Verlag, New York, 
1973. 


Dyer, Ira, Notes, Massachusetts Institute of 
Technology, November 1984. 


Meirovitch, Leonard, Elements of Mechanical 


Vibration, McGraw-Hill, New York, 1975. 


Thompson, William T., Theory of Vibration with 
Application, Prentice-Hall, New Jersey, 1972. 


Den Hartog, J.P., Mechanical Vibrations, McGraw-Hill, 
New York, 1947. 


ваше апа Kjaer. Measuring Vibration, K. Larsen and 
Sons, Denmark, September 1982. 


реке np p. “Ship Vibration," David Taylor 
Model Basin Report 1451, Carder Rock, Virginia, 1960. 


Junger, M.C. and Garrelick, J.M., "Ship Silencing and 
Shock Hardening," Draper Laboratory, Inc., Cambridge, 
Massachusetts, February 1974. 


Heckl, M., "Wave Propagation on Beam-Plate Systems," 
Journal of the Acoustical Society of America, May 
ТОБ EEG =: 


Mace, B.R., "Wave Reflection and Transmission in 
Beams," Journal of Sound and Vibration, 1984. 


185 





fats = -1 9" 




















ы м Т‏ رھ یٹ 
Юю а‏ ما its dl Ji‏ ہا - Па‏ جم СН с, e iii‏ 
سو یر ےہ КЛУ заа‏ و مے ہمت .ھ27 ае а Н T же i AM URN‏ 


- > 
» sa 
m 7 مم‎ ~^ ` 


тт... . 
А E 
5 n 


“= - М 
DET + Р nl УК 


FI d m 


ET ECT : 
NN м ~ 
А آم نار ے‎ T id ы 
el 4 q 4 РОУ У Уа 
PA A 


БАС 
ДР И 
> afe РР И а со аи 
- — * © m ھت‎ 
کے ت‎ — — 
e da dd йо трі و کی‎ то акти; + леа 
РАИ Ри A ари Гы 
O O e a e bh adh 
u ee дё 


№ = ет Ча ы - دپ‎ лығы ЈУ – 

ы — - — ` ü У 4 — — m а 3 
ہے‎ Да допада < Pq o. e - Ы - - L ао 
طف‎ -- - m TL md. 4 s G 
F А . ~ Р - А = 

аі ~ - > Р E 9 њи مات‎ н سر ے حر دا‎ m 

и x E „ N E . A net rn a m Рат) 

п ИРЕР رر‎ age he Es о" ру У а те - А 

رس سرے т‏ 


— u нен луы 
қағы < 
^ 
г“ 
ы # yoo 
; LE P P 


— — mudo Y LL ^ h - = meg th ار ہر دہ‎ EI x <. Р 

e В o = --.. ы - ч SEP ALI й - E Р 
PR A Ды а-қ i Aa گت‎ DEI FEE ч un. ~ - . E ay А 

и ааа, 2... 2 су Ғе, | * Р 

Е ч „~“ • ы ^ б ы м. or me - 

А Р p РЕС ا ا‎ a зе УДА ң- FE I 

> `. РР AA = € 


o ume ہج‎ + 
ES ш 

Y E as al <= im سے جرد‎ 
AA en 


= РИ” ЖАТА ЖАҚ ана ее г... e 


lao Da a PN датаны С 


de e ۸-07-02 
er — — 
AS are 


"WIL et دالہدرھ‎ P 
eed А پک واب‎ те - "D ы. - м » ` = 
^ - Ko. д > ч - 
pium E or ELI = ` a А la туи ч 
š ч 5 x Р „ , * x лүү более деті Ыы я 
sr y Р г — des А ИГҮ aps did ۳ тт 
» s E sosa Y LI А Р и A eh а й 
g А I 2 ص۷۱‎ A a а ۷ 


— کر 

= 
шүү т. De ma de A 
a ЕЕ: 
A ы u. ae eee O w 
P = - * چہ‎ A ии Й asd. tu w e ا‎ `` р w -ч > X E ва 
Syn - ñ ч 
y г 

я - n. 

w P АГ”, ҚҰРАР АТА 


EA T. a 
— —— ** 
ги Фи? — CER ~ — 2 f... <“. Кр че y “ 
he A аа ьн ve'e o ^а صہ۔‎ - А | 4 А q 
meaty — ч м سک‎ заа, = ~ t= ^ м a ¿a ۸ھ‎ „+ == 
> x р ы w , p = зо g 
x A = ت رر‎ “ 
یں‎ »® А Й Г ™ 
me Pe d p دہ‎ 

г. 


ыа ъъ 

к < - 
а a 3 ЕЗ е 3 ure РО Р hm ap aha s күрүе ЖЫКЫ Ра TE 

F 4 я жж v ü ... AA ЎЎ, BE У „ла > ИДР РРА ами — a 
~ РИК У У леже D PITE ды او کے ر‎ "p РА Ри Mr irati iiti и 
рр ШАРРИ" ү „а-аа Крл ей 
РИУ ЕС A il ad а 
дрен одра 9-9 sosa We 
я A i D = 
ПРУ У Д Ва سے ہےر‎ при ~ от пе 
ол. = ге э ч» i as 
AAA E =. 
A il 
— — — з ай نیرت .- ہت رپ رت ہی ب سر‎ 
караны Др. Ра ыы 
AAA оч 
a × 


m LIN EL ым о ہیں‎ Зоја 

а ин x v d Ы, +á 
= 
A - ~ — * а ام‎ seu. ааа 
— نے‎ LI тч = — له‎ dept AGA ДА Р a 
PPP PE РК. othe Pane سے‎ 
A i dd d 
Тай ور شی‎ ٥ ھی ماو جر ۔‎ + 
PRAT A AA Sisi 
id 


ана ФОЛИ", Ж С^ „арын 


мат дод reas 

MM LO MEE imde А 4 Й Š г s 

^ м СИ ПРО РИ о > КҮР - "v^ FA 4 је E i , 
4 Sen r m yw ^. 6 ч EY : ° ы : ву E ж ч Е 
ы ` Р Pew e Н ~ У о -. Ае 
— کہ‎ ы 4 ү n o we 4 РРА D ~ РА узоре оба 
> 4 on Lw 7 so ims ЕЯ T 
tty ` E Та Ы + Фо سضے‎ P" ⸗ ба” уа E ~ | ya y EN gure 
ы ғ PLU E" 14 ы بی ے‎ An. yr е Га а-а ~ . pde abii Ко ہے‎ 
В. — - ще 7 к РК Пре ме дар делді демі nd asd ға” ала TL رد‎ ура үгү" 

e ай E pct e ا ر‎ e 

Р ОУ И ан at - 2:7 


ted et leat‏ کے هر ویو ر 
POPP TT ata‏ 


A 
рар pr “= 
JA +, 0 0 
Е 1 


S nil 
01101010-000 Ду ФА 
رب‎ а — w. А e — r. и 


La A A я ша бе De ht A 
AI cia aq mata ٭ ہم ۵ہ ۔ بک سڈ وتعدادیک ۷ سے‎ Б қ " Ж A 
han en © Aa on У P M У" С “оз E А - Ф 
Den чом hues, Oi Мен ET "LU ЕУ TT « г ~ а 
И emma te ee Lt «^w а“ THO ts Fr E Pd fsan 7 — 
ی‎ a اج‎ ~ 4 T: € И үм" Р м ыа « Ра vr... a nn A 
"Ee ———— MÀ Я Dar ж өн — 
' р š ” гм ы 
7 РА + "У FR p ЕЕ, А ль IU nisl im 
— — — VP سر‎ = e se аі пр ae PS u ÓN 
Nee а AE с U ы بے‎ Mm ro y 
IS اص چو وی ووی وو‎ s 
РЕКУ У У "ЕМ ~ m 


а за а d o A‏ را 
AA ii ~‏ 
Tm ~ Рич‏ اوت A A a o a le ыа м3 айда‏ 
ты = Morum ~ рам аб ыла Чум ==‏ کا ا ا ЕК Ч NA‏ ان 
“te « би рр «р т 1‏ ` دح ھا AA A AAA A офа dy er ағы А ce y‏ 
AAA A A ьо М * wq ДК w P Е F FE H NEST , * ⸗ > —‏ 
әзіз, бе ее, PAE TAS денін ді PT ұйығы w ^^ қ с ч 5 да» LAA a j‏ 
AR ре Po dm e reram VS та 1 Va ^w, 1 wee 9 PN $ » и — у зе + p ua t o pert a o УУ‏ 
IRAN‏ ہے - m Е У Р рең 2 Е | 3 р f Р Py Е `r ٠ , Е € mas‏ ہت ` о пи а MAA t А Аљона‏ 
E - "T 403007 vw A й а Р м : р , А oe 4 г Ги Дани лаг аа "x Айай‏ 
r Р su ` Р ya ш‏ " سد ж "dm ЕУ‏ 
یٹ بر وم نج Р УЫ ы иа аал‏ ~ 
e PIANO Ра‏ 


Ar e in Te 
аб апара аса Ыі 

до ума ding = am ” PEN ТУ م رک‎ 
nini iibi 

a. e‏ ور یٹ 
а.с ee fou ow ⸗⸗‏ 


tint -^ РЕ Ин А То | У" 
REL — ај Се, TOU • 6 А 
vl %- Ба ابت‎ ич У е - 
РРА ~ 
voy ч — ۲ - 
№ POP ліча ا‎ 
uu i. des 
PA ИСТ УТЕ оном - әсе еб. ҒЗ  — ای گا‎ ар аа: 
— — ы” — u ¿aa 
Le. d A A id ecl ec idm d 
ipu а ہے ے, سے ج ےی‎ а дн ань ацыі 
Тулу И УУ и 


AAA T tar ie Рт 


waia ` з‏ نھ ПРИЧУ аа‏ ا 
e > ` he е < ч Р"‏ الہ سے کی وم .< PA И СИ е, Laa. e — y‏ 
N hd А‏ سی Р “ w $ г ~ а E‏ — من ба Гаа åd ron “ee‏ 
Y TT g , А 2 4‏ 
p ۵ ” “ wee «Чер Чиї па Ту ОКТ. = ы‏ + 
E к Сари ә ш *‏ 
й e T s. aes amp A‏ ا , , 
y ~ x МР "I РЫ АІ ПИР ТА T e‏ 
is‏ ١٠١۔ا‏ سی اور "LV қ зы а “ a ne A A А ЫЬ ына‏ 
x deep a om t uie afi t^ AAA ү үн БЫШ‏ 


u oe 
ИК) 
OT Sa 
үмүтү ү PASS түт ^Ш A A PR ا‎ 
P eT ee dt Lr Ld ia sua mnm le mur Pm og a arm dom w 

psa m м ee — ——s— 

— И senda 

IA — реа я 
ee 
nd 


Dti ہرز‎ еы d nnn du = 
— деб В رد مخ‎ A А ра aa: ъ= Р са E ۹ 4 E 7 E PUT E er да A. نر جس‎ gianni او اد‎ ДА Ar 
tn A она ранча —— ed Aunt AA а? ааъ Те a — ··* м a A 1 A ы ۰ й > И аи 5 EEE CG — — E — 
Meier c АСК و‎ а с Че O NE ا‎ она PA 2. дара ва, У w é n 1 —8 қ pa ы м ` оре алан Аф P ya Е гун — — is — 
PARADO AAA a —— LE Era > м - | Р Df ы 7 : аа Po dE стваў аа — —— سور یہد دنا — سے‎ а а ыа 
У“ У У AR AR ASA је г 4 И + 1۰۰ 2 Ñ " » Ф < د‎ p забаро ад аа еб у аа Р ы Y e“ "и اتی‎ — 
— IE рай جا کوک ہر سوہ ہہ رر یں‎ s u у ” РРА У " ^. ر اام‎ fee | РЕА Ады کے ہے‎ ови کا ےی سے ہے فا حا و تاب خی‎ үлүү т = = Жы y сорта деко аман on 
е ID A Er ee e PT AAA ићи A A di чим». = وچھےوچو ہیاس ےھ مہ‎ 
Е — E o APA re ачы P A SS OOS 
СА a PRA T Iu pP a aus ble ЕТ а چو ھ سے سے‎ GF жене кете 
а РУ ТУЫ dd Р at Lia m m i mete й — — — ы, 
ee ADA a n 


ET i Hna ``‏ پر #2 е nn a A ни ці ылығы.‏ ہر کے 
al da iah. еи А u A o baha bax ОЕ Б СЪ а зера‏ —— — 
OTOL Ok eh 5 A “‏ 
мре E < — чт 4 я Б Jay ү: " 3‏ 
— ریہ ч wx qe — — AA АДЫ Н ar‏ سن рл‏ سے لبیل АА‏ ہچ سد — — — А. ...444 Erde‏ 
Я а ы 4 ъ= з я 6 — дэк уЗ Ф ју — et per‏ 
рар а а ы d ве EET i‏ سے ev у» RADA A а "T a Р, T У "T ~ ” a ue‏ اج за Зи‏ 
r =+ s ЕД ғ. —‏ زار رز رر Ft oe етн И У ۸-۳ РА И ж. г,‏ = 
P " A qa tT e ws ai e чу a ч 4 Zu ajo ET‏ 
A A 4 ë мр фр un є»‏ 
wî ML al ek ье «бы Р‏ 


endis ар ПИЙ 
d d 


Р а аа Абайы ба 
¿ P se anys is 
"PIT У УУ они Рини СОЕ. 
PT ТЖ ali ITT солан Aa Е 
UT ا ااا‎ PAPA ү ا‎ 
ا یں‎ O A tatan a 
pur rá TARA ак ورس‎ У“ ~ 
A и — ар У да 


А A 3 1 `. 
Е » - v T E « ; 
. e < f< | 


а, ы w wP.‏ ٹک یہ 

2 T a © 4. 7 у ж. , 
В wn پ‎ УУ А 424 «вый - ` wow РУ м ғ - ғ 
4 A " 5 ° al ” « ná ۶ B я У и ادم‎ “4 
. Й Р - سی‎ М ہا کر سض کت دی مم یے‎ + 
И 12س‎ I ٹڈ‎ АР ہیر ہي یر‎ 
" > de РА "Соње م ۶ دو‎ 

A сыйа 
ааа m 
«de یسل اہ یز رز رر‎ 


Р ам PRA „бъл е‏ ہیں 
ПЕР аа ны‏ 
ee ТЫЫ‏ 


A "и а а а 
mL ы 
AAA Са ا‎ u ei e Tre 
AA и Vw ew i cow uda emm an, Pee. Ча ы X». 
gir, еи LL A =. Фуу رثج‎ ЧУ ГУ 
а, ا ا‎ ьн RO rd doi АЙ 
A ань AA ty Te ھ‎ es li ЬЬ 
оь саол M adi ir oe Е т Це. میں اس خی رہ مج‎ 
¡ii АТЧЫ l IS иь а даа а че E чу 
ا‎ РН ei lad Ф w Pr CCP Y TE а а Фа لہ‎ `. O add M 
a а, р РА Д ДА Neon ТР - u Ў A —— 
RA ا‎ id d Е се мм 
О ата Фр 


7 Р E Is 

я а? ғ ac 27 б к ктүү ет, DAA ный Зі 

пр Ў, IJ Wadi m o capo et ur — 

ж «pom a L as RO на ач ИФ لب ہس کیہ‎ a 

ا کر ری " я v‏ ~ ار ۽ , ⸗ 

ьи y el av "1E: as pta nm РТТАР АГАР екні г FW T Z Ара‏ بے 

"РИ РДС "V PLE Те iiie T e d PET Хань ірі Е N 7 

— РРА а ای‎ ۲ EPUM = © 3 РРА а деде с А р dr eden یوو‎ 

y pus an м а Fu = ok LL PE а аа PP ҒАР АРА АА ы РАИ ni a ам ^e PA Ve ومجسھونے رت‎ ч 

тач ет” Р ape а LT - 24-м ye ТР ое AAA A ke dha орча areg سد ںی وحم ر < ز۶۶‎ ваја = рыўка М 

- 3 b. ere ROPE Py A TR А абы Р АР АР Ў? А аўны анін d РТ Щщ i pom d ad مم اہم یم‎ Pet 

МА МО Да PR аи MUS A m s ese Á УХ 
TE ГГТ < > е. қ ыы برح رب نے‎ 

A E d РНЕ ا‎ ee чи я 


С А о и me TP тее ANN UÑA У офу“ x 
PRA RAR AS diri بجی‎ e қ " P ws vr А. ید‎ Р. 1 р 
ү a т 4550 “с VE TIR US a тт ۹ ^ t аа” ^ Р Р и = ” ” ~“ ۰ A سب مم مم .یی‎ кез „~ Е PER == 
نے وط‎ ж ~ وجب‎ d - Pm ed Р M M - ГУ, м w ` А ж b - я Ф 2 goya e ea ی ای‎ 
au у ОЕ O да — — بی‎ - > М > А7 м à * 9-4 وہنمہو >= مھ اج ہد‎ = pes У PRISA PR ARA ATA ioi „а-а PPP n aj ar n at Pura рр нүү УР Т Г ы Саный L 
4. * م‎ P = a. AN > ` қ » V^ — Purvis wa Чо Ди panas ~“ дэ аа и ји wa и fe " Pp Y. ВАРОТ А аа ЈИ авар аднай a ar Are net ernennen qii t 
А "ЛК Lom № a + i Й ابر ہمعم‎ he hed andl ж Ра А РЕР IDOL dien A д A ¬ a y PI ia ый TIT. КР НИ ا ار ا‎ RARAS Pi 
A A YAA д EN - cd E "wy ۹ ۹ О E TUE e Po ~ - * da de б = ⸗ P У ABI TR пл?» РА rta nr eo AS OS d ДУ ыз радаў НЕР ЙИНЕ НН iiU Рай 
PE u Ls ا ےپ ضرم سے‎ rig fle. Te pm te Se AA Any AN А ща T > * y ea^ y ye “-.а FS => میس‎ 8 РОГ ү LIE РМ ААН —— — اا م‎ asa ہد ہیں‎ e OEE tirr اہج‎ 
کے اہ وہہ‎ И دات ہا‎ dd РОУ — RAS е a М Lal. LM od Peta We У ~". ~. А a У 7. VET A £y ras күү К زی‎ r қ v г Aa 9 d» P 2 ETT da р ЧАР У БА м تیا ای و‎ gentile — —— — — 
. 0 id تح ون ہے کا کا ہدک‎ A ANS نو دو ںہ‎ went DS ee - ` ARANA V -— n " Фар ще“ Р v y ұзат ум У У тү" ry n б E 5а 4 pm чи УСК. ЛЕ Л * be уса: — — 
nn a ee te a a оо RE a e ОО А ВК аи یں ےہ‎ C ем А m نے رر رر‎ z А — ШР Жл PRA A A O b پیر ری‎ "TT vtt - v ^ — — 
- AAA ri A ا اوی‎ аа Р РТ, "L. ایس‎ а? а E пуни У PT WEN ие қ — ہی‎ 
оа \ 2 В w У м У * А nm A di Aa е qnare a) 
А А о TU ка al e NT. күл А u w. سم‎ al thP tse im del dip PAL ү, "t PORTER ы ья à k 
М a," б ч МӘ М ” "т e Pa ft МУР" А МА e at ТАРЫ, зба TE LIT? Sr ۰ түтү ds ea Р d — — 
№ ار ار کے س‎ j Та din dul Ф = ар ы Aedes ан а РА a а a Nr и ren РА àq PS | ў H 
Р “тте, OEA м уну" fot a uper ots Dez pto S For Pas a p aat n a P? gn gr tm ^g ی د و و‎ ш ИЙРИ АИ یاون ا ا‎ 
وا‎ даме و‎ — а 4 E 7 AT Pris ded PP did РР A оле 
ара w L КУ ЖУГУ РР ҮЛ ағы water d Mos И а ады 
ы A Ри re 
lor DUE МА У اسرم یر ہر‎ ТРЕ” Жараты за іа фа й РЦ үлү ы ade he a. зб u T. L U 2 
بد ہے مز‎ s- * ы 4 - яч - ғ РЕ Tio e М ў И Раље УРА => ee РТТ Z да * м» рое еа О ai А 
Pawn — 4° y Та uut Sue war TI п а? ا‎ Pia ИУ РУМ de РУДА ما‎ айа бабіна ў pd سی برا ینا‎ — 
ا ا بي ہے می زیر وی‎ dd ° а м ы, ah v reo add Мер وود‎ 39 PA AI DO a امم سے‎ pa bi e я 
қ да РР id aid AT AR AT id POT au = aod — — — — 
z VP PED "т R R rs s ds av Pri a Ўы днай pL ze i) МЕТРО И ОН Ориент A Ain à — — De Tr 
ee A e i ee AAA A iade a ہی‎ AA ни ПАЛИ Ра AA ter А дымы — — — Фа — 
а ا‎ 7 зуб има 4 г, омыр СЕ Su go gea ea saisi ufa a A kd A AE ad PA a A A арм ————— — — — У 
و د 4 بت رقر ےہ‎ d py AO Де Pe г ш то Т Т رر‎ ај њи ریب‎ A سے ےی سج یں‎ LIT акы 
E A с" ЫК بر‎ РТР № А Pen Ar indi ches o pv СЕ Таи 
ییو ویوا ار م‎ ani dod ai due — и 
2 г ERAS в бот Pei نرا‎ ЛЕП ° s 2 
~ Й УТ а ДА сарыны м «o altar Lo Fe ge i anm ОЙ А L Ы аи h i 
a> s ж 4 РФ A Ty w de м жез — A An т 
РУД wy aT E Р? E] КУ "о n. = رای ر‎ T Là RAR а LI E dd 
C ہہ‎ RY dd — بب‎ арч ^ مک جا و را‎ ELIAS PLE d و اس زج تج‎ — 
sata رر‎ agio efus ut وپ‎ A E дый RA Las. ka ARA UT pr а 
Же, ыы? Әр РРР Т ы زیر‎ р-р | ои - 
LD uae و — یو‎ 





LL 





, 
» 3s г d^ Ay 


« 
ow - j 
~ қ қ u РАКЕЛ - 


| 


rU а Гу 
d “... wi PRES اہ‎ 


— 
2 = ~ 4 
" радия час m سي‎ Bars пена 


| 


ро три Рада 
Pen ر٦ 1یسی کیہ ے‎ 
ہر نس پر یر ےر‎ 

tet rm e PM ЗЕ RÀ 
AAA и ВЫ A ЖАР А ді са „Жн PE ni doi аналы 
A ara gu 


| 


| 


| 


Ў ае M а, * = 


| 
| 
| 


“ LE Pio me —X 
aed > 


a ii 
pap a tele E n 


| 


| 
| 


| 


рүче лит еч ii 
«y ep № кл ьм رر ٹڈ‎ AA 
a se ia aa я Miss E ін uM Rai Re 
LIE d rue O TE A МУ”, 


| 
| 





N РА gm p a 


| 


| 





| 


ee iii 


ped A o ر رو ردب‎ ра 
ps р Ка ји јадан ~ = 


— СА ГЕ ыл б үч ЕТ нам ` 
d DR ida ia a ah АИ وو‎ - viai жет ` Я 

aal EY a E < k а < 4‏ ہس AO‏ > وھیومی б.‏ ات Lu EL T У‏ رد رک یں 
بے Аа FR pw io A‏ 
н МЕР УЧ И Т ы rn Ө елкеа ТУЫ 4 аө Т "Ыы. о" <: er P‏ 
سس ww w “unu fw у Й "Р а Сиб й ре па : у‏ و وک کو p'a qp puas‏ 

X IRL аа аа ль А чо рр лы біна: ARA П . Р T 


Ei керек ee Luke یں ہا ا اک‎ C 
кн ад 7 Ге AA а аа СК АРДА ТАИ Е С да А 


ТА L: مود رت‎ AS a 


„ A "сш к 
ТЫ 
L. ыыы 





| 


| 


|| 


A dm Жас” رہ یٹ‎ P ہے‎ A а 





| 
| 





| 


| 
| 


A اا و‎ 
وی دا ا ا‎ а и 
mI ee en RE ¿IA is is rt 
Mt de me UA A пуче A о данка 
Б ОО a ты АИИ Та тее db ai ba. اواد‎ Ç * 
A ae Р سی ہے ہیں‎ WIRE PVA ы б 
T аа ыа ج نہ‎ А wj tf arx. LV. ж m е ~ „ч 
E dar т Ле VT Ls e ub. М - ۸ - да": 
“ Палата. "ОТ Б 7 Г ТР رو‎ Зы 
4 وید‎ _ ` 


| 


The attenuation of flexural waves in mas 
| 
3 2768 000 68536 6 


LU Пе А Оя 


| 





ЕТА ЫЫЫ کت‎ Te A әҹ 
رج یٹ‎ ei ann 
ee net et A a ы IRA ПИ = 
O A OE Oh "E 
RDUM l ЗЕ, АЛ ле n EE il а ае ھتاس اتی‎ Men ` 
аб о ЕЈ A ila A abel AA ет, کی کے رج‎ E 
A da و‎ њу 7 ا‎ a иа? ELT И а a پر ہی‎ 
е НЗД АЊА ا ات‎ а ARA Rdn күү ч Р 
AAA фм A басу”, AI UA A 
Parras Is NY фо фар аа ыа ہے ںہ‎ a dir 
een о аа a ыа Даны e "ui «й "TIME — — A ит, 
РАЧИ ан u А м моју ИЕ jefe Ce cul elg ds n nr EEE ا‎ De A ' ۹ 
RE bd AA Аар) лыб ern а. РА «2 ~ w ү" 
a ЕТ УЛЫ ыт а AAA — A bdo МИ У A т x 
ri NEL и REA MS Se ira ЋЕ A LLL ~ — 
AT ds ЖЧ ےہر کس‎ cia A bis سے‎ к. لے‎ м...) 
жол асан еу o аа WWP ade «to ec uf a oru ps чи ча Т”, ме 
baie ia یر رو‎ pae زا‎ a ba! idis AS rd 
Mrd bid a n LTTLTUM A ارڈ جج‎ алла ور ہہ‎ 
С а A ы РТРС Ра دنت‎ E В А а ал رر و ری‎ 
О IA СЫР ЛЫ е ы Ар AA ФЕТР 44 дача рта? ee пу УРА s میں کر ری‎ ++ 
РОМ РР СК ра یی‎ AAA a bane A IAS КАМ ом Он іт does hui тт Уго А D У 2 г аз 
* a аа bd 1 AAA RIERA адь ыр AEREA x mE Кы died —* Veg be и 2 — — * По — — — — CE peer 
نر ہہ‎ СУЫ سسھسییپپسہنو یی نی‎ PLE de E RE Oa АБ а A dd بی‎ A a таба ыт а а ағытты diet а дд Р pal ть ЕА ابو‎ ә ыс L * 
rwr met аа AN Py и ا‎ РАЧУН правае | РР "л A де о МА ШУГ У ута er. А РА МЕ dil وجو‎ = т» ҒАР» ہے اس کت ید‎ П ت‎ — ae r ہے‎ ай» деа. рту 
A aid a Ре о ед dde m i PEDIR AAA hr = ç NE TT о h^ РТО DIE ОЉА О ISA DAA —— L] a 5 2 een — —— —— 
i 7 ur AR. ٤ IA ТОПА У а-а А-4 gw AS ДАА КҮ ЖР ҮР ЖШ нае —— — ний — M > 
ارک‎ Г кем... кА یا‎ дф ЕДД а Дый D PE КЛУНИ ee oÑ 
A ES р 





| 





| 


| x 





DUDLEY KNOX LIBRARY 


v^ гер 
КРАНЕВО A 


Га‏ بای رت ےج رٹ L.‏ رر ےت 
ان AA ey a Ti‏ ارا وہ II‏ ا Ге,‏ 


| 


ea I ID 


| 


= 


11) 
| 
| 








# 
< аа г dd 
Ва دہ‎ сй ч ТЕА Д - С 
- AAA е“ پر وب‎ 
а "IU PME LE s TEN 
PAN af ar aS For tw ae 
тие е ШМ A N وی‎ 
еі fou ula Pa РЈУ so y ۰ RON ЗЫ а й > пори РИО ТОТ ы Ды а NETTE — > 7 —— — — — Е 
B E t ارک‎ РУНДУ УРА а А и ~ "T ТИ ¿e phat d ر‎ d = o ہے ہز نر‎ L J 
5 i sas. — “ de г; сла رہ یں یں‎ в брів вм й A A A аль дій A TS И Lo ile ae pe enn — — 
ATTE dd Т А а“ ИАТА, ПИЩИ ТДИ КД и заћи“ PAE A вени завесаў 0 ہے را‎ 

„/ Pp үү ч rd dl d ied ТЕА m dg мі КҮҮ. A di AICA 

"PE 4 a= ую wi ah fini ar^ Fur Pu ur e چ‎ P ы Bn S et ЦЕ Каа аа ЯЕ аі PEI RS id 
4 ү ТА лије Sa PEE POP ETE: РА колемі О a ніваў 
7 4 a PP а абі РЕ кү үтү ак 


vr ba ul uas PAPAS 
ДУ А ЗА ЦОР а С 
ہے‎ à OS cd У 1 ӘР AA бы 
ү ی ا‎ да 


| 


رخ ы.‏ در دہ نریڈ 





ہب رب 
ж.т, — a‏ 
жыға» я‏ 





P Mw die ird 
LT 





АТ а а. 


w f le 
а АЎ 15 m 








A ii 
кака иын аа ьн 
ий 
Т кімі ай 












ГА ни 
> 


UT TR И ај 

sh. А É ~‏ سب 
т TN TE" E "T4 n‏ 5 

~ ~. = نک کته‎ re —⸗ A па و‎ Г. а 

јаје Ма Да њи 
























4 
ба ай авы а ыа — 
w 19 ۷ 7 AAA A drid q 


A a AAA AA еи 
A ELLA dd TE ПРО ОТ В ћи POD AA mS AS +. 
» AAA «д 
ht on Celt St phd pe ol АЫ D ñ й ў 
"m ۴ ۴ ×8 Ре е“ ма 9 ak vg e а ТА Да E 
E AT - reip d b ern napis dp de di aae deb A A ы 
УЛУ КУРУУУ УУ ЖТ, 
афа mn io i rer TT з Y най ф-чі-ф-ф اب‎ фу нарт ~ Ë 
ee тат ра. М — <ç de = ; | ESA А и 622 ал ұй ае یرای با‎ 2 SA —— ——— 
7 к 4 н > ч - ~ t «Анды а Я 7 „ы > > ђе 2 i — 
DR ا ار ابن ناا‎ e کے یں‎ — — d Iw pee es * у ^n —X w hS й = - MATA є P As aco ИМ АЫ не Л PEA A DA — —— 
RR RAS a ai RIT а x TA чи, ا کیک او قور‎ раса Ф 1 < * РРО —— — — 
Р Тр “we 4 Е 27 2 d < war МР АЎ ы іны ose с I М и 
У А با عیب‎ — * а є aV v. Cul қ не Чу ee RE“ ВЕ А зы — — e 
ir ےرات سم او و ہنی ایا‎ м he الیم ا ںی کہ ر ال‎ “ as - PII تس ا‎ РА НАЯ 
є ^ рер 44. + За чої wu . af» “ 4 d 
باد ا‎ дай AR TA аа ы ыы мы Ë 
кру —— "y A SS rr i 
аа AA ai aide ہم ہیں‎ il дур i dai е 
AAA Шү алаға у 
نو یر رر جج‎ £; 

цё дим попа аи Ti D U Dr рагач 


АЙАР E O k.‏ ا ااا ا ا ا 
ea аа ча аа ide рға оқыла EN А ај ам збе” a ы "ТТ, ` oy‏ 
реро аа біча Чата RT vi moe er A ad | ой, LII‏ 
دید > بس بی АР pao ада а‏ یی رج а Ea idi i] сера не А ОЉА teh а "CNET m ~ - n.‏ 

A ОУ А ا‎ A ФР ары A Айы ala: PR di de کک‎ 

ad dd и Ки فا ا چیا‎ уча Ар Ара TIT ری‎ ced aen Ap ies P ÍSCAR ا‎ rr وو چ ل‎ нр 24 H е. м < p Bd نر یی‎ 
RRA A аа ын AA AA а ا‎ 7 лама e ANI dip Pear „исү чы Pe т чи ж Ра Mrd جردے‎ оаа TT адм ДО ай аа ы ai рў а а 
y 1 PN ее AA Фу E basi «P - ERIN AS му Арча ET ah ub odo ОД фи У 
RIA تج‎ ме и D 2 m 4 ч, ГА, У "T p" 5 „А кыйы” di ard بی ےد‎ E P NC r^s аа, а iind И ШҰ Ала жәдік one a М 5 = < 3 < Я 
ےا ا ای‎ р У асы рани — — e e pp t ** ње سر‎ Роа T T rd 2 اقم‎ nt 1 P LAM dE ar d irri iie ^ р если а Epoca — ا‎ 
pa ar ddr nr e ре a imari pdt d uidi Mti анё ж E а ra bà е «ЗУ Фар че рете а w EA RR ir arp ТСО ари Di a at i et 
г D рум 1 » PLN УРА m E d اوی‎ ditor ires K РА ہے رر‎ ры 7 з." k и de gu DUI L ~ e z 
И e ru ви EAE او‎ рача — У ФР ye, شع دی ےہ‎ М РЕ РОГ ; Я سام بر لوت بحم جا برا جا‎ TE a tamu a: AS 
aCe ul دی و‎ Ew A Pe hs . ñ та > ARS Vp ај и у МЕ аа awha q. Фб „тту у АА "iere dd ИЛИ a à РЕА А МАО РА "۶ 4 - 
ee Ab pq dr darn p do qa o hat — Fel dln eek Pet yan hah РОЙ Р جح‎ чәл dip a epee gt PARRA A PS Pa po a 4 ея мл ива e Pe atii ii т и 
РА АЕ ИЕ ` RE REN мыл биі Ud o жеты بک‎ iq t TE cni deal AA ا‎ и ОРТА ль адь ы E de г 4 
" ы су ы ER и ДУ РА РУ مور و ں۰ یر یں‎ Á AA ee LET TIU г. ا په‎ A 1] З DT. ду «З С ма дар цвър -ef ото чи УЧ мб» — 277 PRA о им ЈЕ L А ; : e з ы ت۰‎ AA рну ee al at da) hk ate С بر اٹ‎ — wu a MA e 
A A о isi NAAA a FT AR lr A ЛА да AMA L а ET IE ET A NT Д gu m OD HR o ЖЕТ АТТА ыда p tua ығы кізе qid іі зур ма IA A O RR а ro 
En AN ўр дер тан ААА лы ah VRB ў ۵ акар AS te wara Pe S ам. WEE UT eds dali P didis АС ی اھ ایی ی یی ی‎ и A ПЕР Ка 
ч ЗЫ аа алды v x E AA A d رق یج19 سی 20۔۹‎ 0 ЖУКТУ А А be — PA а жам MULT FRE pez Por nd A ай rtr wy irki pk. СР ај LL Lad. ыҚ 
ъф > >< PAR AAA “УА ш сы; و ی و ا‎ очний PATADA РТО мо ^ 
1 7 RYU ida 4 4 — ⏑ eH ою 
A Ру a o o وت‎ ПРУТ а оре и РА s А Га укр а g 
р ТА о НТ A al ca c 
РЈ Розі РС k d й 
ا ا‎ al tial 


чье L 
یہ ہیں ھی‎ а Аа ба U ара 






MT адама а 

M А. 

РА TO с‏ بی ہیر رر 
, 4[ 


JS ac 








о dd Re tiled UN S ا‎ З. а e 
4 Y Уље رو ٹک‎ 


> * d р EST لا‎ mE por ра ААА L И IE РТТ ОАЫ а ы Ды ы Таа 
0 У Ë ры — 5-4 Dos + А" ЬЬ А >= ҒҒ ж ^ Р» ўш МУ ww f e aC Hao Фе کو ا٣ سس رت گ۱ر‎ — — РАИ PLE АНЫ АРЫ ы р фсе ие dr 
M ај ےہ مس اج‎ NN iio nee وا ےار‎ В الم مو پا و‎ —— PAN da gis Ty vex a Aen Пр md 
е арте 4 РРО обу Rm Y РОРЖ У, У AAA ор А ENTE, ر‎ ЫЫ пружи чај ЎЎ А Я ось «ьо YT s Rea зё Ёа чаце ума а Ча МР * 
A S — — — ERO LI 2 x ^ | ро “4% „Ам че е Сы, ы WTA Dis IA ف‎ RAU ET ای یھ می ری سر‎ SU د ایت رد سیر‎ а ——— — — 
ОЕ و‎ Te 4: یا‎ е ФЧ a 0 ы Miri utt Jj dr а араў Ф УК ОУ < * Р ا‎ C з РН У oye тач Тр ыы weht Va y de avo Ao d را‎ ына پا ا‎ т 
EEE TEE N d — r a^ 3 ^ з RA b ала є ETT mh 06 Vu Iu v, WS mes u — AA —— ew ا‎ — ғ. разе —— —* ہو پیا نید‎ a ei = ہس‎ gii ip ie аланнан اع‎ 
А a қ ~“ N ee ET MEN Ар: © й 5 у SANA IT de Copio LZ А А ARCAS P re RT о EL 1 а - ہیں‎ 
i —— У UT ақ лее қа i 2 ; А Ди “фен ісе У ТК НА Да a — дана e. AS oa a I 
پ ملل $ د ی دیو ا‎ а И eur ава کی یی‎ фа $ s سی‎ ADA بل بی جو‎ E flO —— de Pp er n жаң A RN q A а а амін 
РР Ха ТАА Эк Жы а бас Драз eo а А аа геа A — ا‎ 
| 9 ара Een —— а سس سم‎ 
LI rad P rid andati қылт ib e 


а ri * "У‏ اق ai So pla ма саллам кте чүсү‏ چا 
d сө» i‏ ہے ar‏ مہ ےی Ва‏ مار ا کی و VP ТАСЫ О Wes"‏ نے یں رر یں رہ رہہ W. íw. айны. PR y op da: ep ы‏ رہ ہے 
н‏ بی gy r > „Ам‏ — 6> یس wei t m W‏ یقت + дав 2 OA А ыа ав ie pi UAT AGAR CADA NS‏ 
АДА ЗА ¡AR o ЗА и три ТИ і НД Фе а. у ~ POM ОУ да ар ера 52 u A dig eh A E de ИМА СИ ATACA 2‏ 
un DN To УЫ w. Да аа ады ава wir foot PAIS Р Р LE A a H iei rin tr — — а >‏ ہس а аа A.‏ سی ری \^ А ы a Ea LK A. "kj WI P e „Аһ.‏ ا ом PORO MA A И аўра‏ 
IO ANO A AID A A m —— — — — — — — ым‏ کی АРА РАКА Ра а‏ 404 یپ اور و A‏ رک лы Ot] а алы ка а daros EA A‏ ض9 ۱ پ4ھ irr A A K ee iie а „ м.м суг чш А NN р‏ اہ ды гд САРЫГ‏ 
ye Ыы Е RAF ағын az e у өл; IA Љу аи ИУ ЗОРУ Њу лечи RT U АИ EE MO PR O DA ання ЫЫ ыды 4 fe vw wh. aye cm‏ تہ рай а‏ کک Ач ЧА‏ 
че P‏ پر یر E‏ رج ا سا اع پر ای ا ا قش ای خر یر ہیں و بی Ae m Ж. X. 4-24 ET‏ مم RER e‏ کپ ے دیز 
ТЯ lia — енінің інінінінін ПИ даа‏ ا Пиер „ЧУ ЧҮ СИДИ ИУ 4 P ПРЕТОРА Аы Pure‏ 4 
СТО A Ы PRA нв‏ کی A‏ 7 
AA —‏ 
ی ن 


а ара аа ДА а Гаа аа 
ا ا‎ М лы МЫС ri а жынь ы ce м фа جس و‎ a pt eie іа 
суму t Ц nen VER Pv PP hoa اه‎ 7 Ў м 4 + " 
PENA а GA de کی‎ 9 S м 44 4 ae — m. E پا‎ А, PE РЪТ а Ч وی 21 4 و‎ 4 
و‎ Я ^ E pl eorura Wie eu a Celo oro Ты PPM ea? A ا ا‎ O tA 
чи, е " АЯ IT TOT а РА”, одак. id 
е овен ніна 


А tee.‏ کے رت تج 





ж чаас» м члены ET 
E O Coa 
ARA 21 ы 
5 ARA AS SA TER EU a 
а а ғы Р и DTE IS RA Ды T روہ رر رٹک‎ 
ا چا‎ И рр Ар? И АН 


аа 


се 
Ц а-а 



























е жығы 














РАА Аа — —— аи An Adis 
С из ET ААА AT O نو‎ Т. Ча جو رر بر‎ ^ 
A р" 117] raro TO - 5 A Да "qe سر‎ А МУ а” г аа ба" Р ا‎ АЎ TO др 
مسا‎ а LADLE аа ев р SA PS аавд: tC а IPS а ET УЛ ра — наўна ны 
wp Su Р A өчүү с фра МН т 4 syn. UV 00 e PUR SEE КАА کک ا ا‎ агра ана га ав н d ا ا‎ A ا‎ ИМ И ИО ћи ОДИ Е b 
A dee ANA ' Y ы —— — м et a — Te PIAS s nr pes P Praga Y Н ту ае ан —* эт ТАЛҒА Ы Асау. «уал br ge agr мс”. аа Зар RET e a Ue P Ure P urit a E etre ri 
s Af aues wwe — — AI RES E A Ak Mes at АХ АЛА РА аа а On а а ЕА А Мы — — зовет 
M 4 by AS A Ar i А а ана Акри тиче > Ви n зар a я А докум РР о ا‎ A А ОЕ ара — L - 
š “Жаза TT px Ud И И D В سی‎ PT a ом = E ањ Sira wfi j لیخ‎ B — о ےی رر رو رر کرٹ‎ — 
2 سار یں رو۲ کی کہ‎ Ара, EP ТЕ) a о 
ыы а аа А а б یں ری‎ П A ди E а 1 
мі —— фа VAN Т ia POR NÓ STA li 





а 
У NN ak ا‎ ee 4 а абы a 
A Р aa ых 1 И Оч فیصوت‎ е ان‎ di AAA T š ^ : ФУ; 
AS eed is RR etie ЕТТЕ ےو فی ہی ربچ‎ i A جا پا یھ سے ید‎ мучи mt acd рн LL вдә. — 
Tes ۴ рече я Ara Леў “ а куер ч " کا‎ Я pre ve , 4 اٹ‎ О мй Хе AA yn Y 5- سو‎ ые эй di а М quem vo 
: » 1% е К دچ * 0۹ ا لو ۳۳اک‎ N ONT E ۔‎ зараб ни = s AAA esp ні Я УГУ یں‎ DE BEN 
+ V тай >” 4r — а oe м PA no PPD AAA а; A Сенен ТАТЫР ҰТТЫ سے بر‎ AA ван КО ОЦ Со ур м Р 
Aude 4 J к? RETTET EUR leh ПР у th dies E AAA STD DA er pio ee id 
AA A al dao delle — امک‎ A ri 
> مر‎ іе hem ie Mbt Yi AV Ses CP aL Л. ON 





popa dle dá ы аа аа аа ONAL Po У АС io QU یں‎ м à 
TE аны бер eto а аа ig Mth نایا‎ e WETTER SET RE AUT Aa EN М — e ; 
мы | y ; m Anna а а RL IAN PIRATAS v" A В афа. с diete ho عو نم و مر و‎ y y - забу ач тэх + "e ۳ Al “ Ir Poet 
В B "1 ЫР ЙЕ ОИ OA AI A A РРО ا‎ ЧЫ! SS مر‎ ۳ О аы > кА” егіз Ро u, I ра fc m پور ںی‎ ОР" e wu id 1۷2س ۴ڈ‎ ird а مھ گر ایی ںا ون‎ * ы 
р : Ч An" ` لیو یی یں ہے سی تھا یا‎ Аз! А. ارم‎ О A A A da i M iii i-e را یں‎ ————— НЕ we 
AAN ОВАЛ At є E a did ` vi гея є PPI e cid AS ФАР ИТФ оваа PUTA hee Bee АИ. рр аы بر یں‎ АЛАУЫ, РР | رشان‎ ОКС нан de 
AS oR 5а 7 A а ро A А al نیش یں‎ АР A ДИ А 2 темен аер а ара УА abi ep y — مر‎ 
A ARANA AR ад PIDA AS Зай о чур PARA O irse P^ 
МРТ ым О р E rok ми A A Pr سد‎ 
НЫ TEE ET a di 
rl ARS U VEO r a E E 


E اواو‎ euere ке É MN 
ےہ یں‎ ка а EN Mo Р аа Ма O O ا نر کہ‎ да јео ам УЧ олд 
аа سک سر لین سا مسا‎ EE РО В аны 5 
244 М : : мов КА TAU А Viu. ^s ٹور یہ یں یں و را‎ e v H У a” и Y қ ы Ш о y 
Š Я гн ینب‎ У м4 * я Bos O E o бы ry". 4 гу оме фл W e ner eai IAS mar ا‎ 
аа ара аа АЕ а Жа Б аа YY INTO w a AE To ed eda Я + 7 * — „54 24-24 ا پاد‎ T е au e — bd یں سا‎ аа DSO er USA мі 
М А nd ‚б 9 —— AA A jd WS а. v Ay ا ا‎ чо пу) — — 83۷۰,۰۷ ہا‎ ۰۹4 O am UTN A р PS o A TO fer y 
щати داش‎ d oed ы ° 5. : : ip ^d re IRALA IAN ES Y LOA a ee POD a Oa ا‎ Ae ^ 
y ba FT ANG Аа Ан иль AJ AP Ee eae me PPE Ta а ا‎ aus eile) chan 
E ا‎ ASIAN ADS AY Bude و نر ا‎ ур Јане Fr ہرہب رر‎ 
БА НА E 
оао ЖТТ ES AN на سیر لگ روس‎ РУТА чи ЕЛА 3 
ls td ТЛ! PORNO ir dll Раа 


Ка РАР РАГУ WE“? уч 





yr. یں سر د ری‎ 
SE „ыл, Е. у 1 У کی رت‎ 
Зай у Ао او‎ Га р є روب جج‎ А aa E 








۳۰ ۶۳ 








